Motivated by the possibility of comparing theoretical predictions of Lake Vostok's composition with future in situ measurements, we investigate the composition of clathrates that are expected to form in this environment from the air supplied to the lake by melting ice. In order to establish the best possible correlation between the lake water composition with that of air clathrates formed in situ, we use a statistical thermodynamic model based on the description of the guest-clathrate interaction by a spherically averaged Kihara potential with a nominal set of potential parameters. We determine the fugacities of the different volatiles present in the lake by defining a "pseudo" pure substance dissolved in water owning the average properties of the mixture and by using the Redlich-Kwong equation of state to mimic its thermodynamic behavior. Irrespective of the clathrate structure considered in our model, we find that xenon and krypton are strongly impoverished in the lake water (a ratio in the 0.04-0.1 range for xenon and a ratio in the ∼0.15-0.3 range for krypton), compared to their atmospheric abundances. Argon and methane are also found depleted in the Lake Vostok water by factors in the 0.5-0.95 and 0.3-0.5 ranges respectively, compared to their atmospheric abundances. On the other hand, the carbone dioxide abundance is found substantially enriched in the lake water compared to its atmospheric abundance (by a factor in the 1.6-5 range at 200 residence times). The comparison of our predictions of the CO 2 and CH 4 mole fractions in Lake Vostok with future in situ measurements will allow disentangling between the possible supply sources.
the composition of multiple guest clathrates. Indeed, 66 it is based on the assumption that the Langmuir con-67 stants (see Section 2.2) are very close to each other for 68 the different gases, irrespective of the considered type 69 of clathrate cages (Lunine & Stevenson 1985) .
70
In this paper, motivated by the possibility of compar- 
Modeling the lake composition
Because the clathrate formed in Lake Vostok is crys-126 tallized from dissolved air, it is expected to be domi- the gas may be supposed to be uniformly mixed in the 158 lake water at 25 RT. Thereafter, the total amount of dis-
Structural scheme of our computational approach.
solved gas in Lake Vostok remains approximately con-160 stant and excess gas continuously forms clathrate. Be-
161
cause the composition of clathrate may depart from that 162 of the coexisting gas phase, progressive clathrate forma-163 tion could in turn influence the composition of the gas 164 dissolved in Lake Vostok. Table 1 gives the composition 165 of the air dissolved in the lake water at the beginning of 166 our computation (i.e. at 0 RT).
167
Based on this approach, we have elaborated a compu- Species 
217
In this formalism, the fractional occupancy of a guest 218 molecule K for a given type q (q = small or large) of 219 cage in a clathrate structure can be written as
where the sum in the denominator includes all the 221 species that are present in the gas dissolved in lake wa- 
226
The Langmuir constant C K,q depends on the strength 227 of the interaction between each guest species and each 228 type of cage, and can be determined by integrating the 229 molecular potential energy within the cavity as
where R c represents the radius of the cavity assumed 
with the mathematical function δ N (r) in the form
In Eqs. (4) and (5), z is the coordination number of the 240 cell.
241
Parameters z and R c depend on the type of the cage
242
(small or large) and also on the structure of the clathrate. Jones potential are listed in Table 3 . in the system as 
with 268 a = 0.42748
where R is the gas constant, T the ambient tempera-269 ture, T c and P c the critical temperature and pressure of 270 the substance (see Table 1 ), and P its vapor pressure.
271
Just as any other cubic equation of state, the Redlich-
272
Kwong EOS has to be applied only to pure substances.
273
For mixtures, however, the same equation is applied but 
Here the mixture pressure P m dissolved in water cor-
281
responds to the sum of the individual gas pressures P K .
282
Each P K is expressed as a function of the Henry's law 283 coefficient as: 
where P hydro is the lake's mean hydrostatic pressure sphere and at 0˚C (see Table 1 ).
293
The fugacity of the mixture at 1 atm pressure f 1atm,m 
Because it is calculated at the hydrostatic pressure, 297 f hydro,m is related to f 1atm,m via (Miller 1974) :
where a W is the activity of water relative to pure liquid 
3. Results (see Fig. 8 ). In the case of structure II clathrate, the min- 
Discussion

455
The composition of Lake Vostok calculated with the 456 present approach displays significant differences with 
